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I W< ihaufe ihf. mi<y!ikivt dcsigm-w mia^fe^ »>)>«!?«!:j:»i>$^ ASi<i ^^ii^<;cs•nsti l<?aim of tl>«r HEfVR 
i F?«)i?cf 3? ? h-t j>3.2^S 5«i P%fJi»:* i^bofaT4>jy oif Jf>hn4 Hopkins Uti5:vi&rsif v ^fid iht 

[ tht hi i'mpvthwti tnh^i^imy ifof ihtif <iXprts that it% fmkia^ HEAR 

. I Sho«ffit^.«r lh(r jspit&&a^ lo orbit ^nd <m an ssixraM. lli^^AiC'-SlhfiMinafeer 

: i m :tfi«i&» 9nd work nitiule |ii{»s$^e by NASA, W« t)m& A, S^ivkin snd CliiiiaU 

I I itst m^ss^^^'^- 



iiiaarosoopic (^bfects 

Sfj^ JiiiSiSaaT^ Ulesesissi^en- ICiMeheldi} & itt§eKi8 S> ^oiztk 

I features of qtsiunium iHechttmc»^'^. An e»tajigl«d «tatt« of 

I system consisting of two «ub&yst«!msi catnxiot be described it.'^ ^ 

I psvMluct 0f qtiii^titijLm stsiies of tike two s\ib&ystet»s^*. i« tM* 

I istsns^y the eaatatx^ki^ sy^item b ca»$i<lered Iriseiy^rabk ftttd ni&it' 

I Ijoc^L It k gen^^Tttlly^ &d[i<fv^ tiM «xitang|emjent i« tusually matiif£$l 

I m systems o&jtsi$ttsig of «i amdl »umb^ <»f mk^^^Bcmpho. p^kU&. 

I H^re w% <l*?jxto«sft3c»t€ «x|>«simi!nt4iiy the ent^jgj»33C!t%t of two 

I mtftcroscoptc db|ects> esxh con^itsdng <»f «t «:»esiuin g»s sample 

f coittaining ^bout atoiiis* Entangiemmt Is ||$jtetated v»a 

I mteractic»B of the s^mpl^ with a pukie of li^t» whidt |>etf orms 

I d non-loc^ Eei! jneas^urcnxteiit on the c(^t«fcdv« spins of tbe 

I $:«tm|>l«$^ llae ^t^gled spin-stfite can W iiidititaiii^d for 9.5 

I mili^^ffcond^ B«5ji<ie$ t>ei«g of ftm^asnemaJ ^titearejit » w<? «f.Kpe<:t 

I the mbuist ioyig-ltv^d c»tjmgleyneffst of jxiateriiii ab|e<:t3& 

I <l^i;>^*>T^stTat^ kef-e to l>e tiseM iii <|mnttiin tnformatloti progress- 

I si3ftg» mcluding teleportalios**"*** of tjtismturo $t«tt«* <*f i»«iti«f 

I ?n 1935 Emsteirtj Po^iolslcy und Eosett (EPR) fbrmitiate^d^ wh<it 
I they perc^sived ajj a paradox ci'eaied by qnm^tum mecb<inics. Sifjct^ 
then, \he EPE cowbtkms and other types of etJtangJe merit have 
I been extefj sively aridy$ed> f^otably by BelP, Eiitangled or insepambk 
states art" f^indaoientai to the tiM of ^uatitwm mixjrmatioft, 
spediicaEy to qmnf «m teiepoftation of disctete** ^nd cootiaaoMs'^ 
vambles sind to quantum dej>s« tmimg of discrete*^ m^d 
contmuoiis**'^^ variable]s> to name a lew examples. The tnajority of 
«*xperimer^t$ on eotai^glement «ntii now deal with entati^ed states 
of light'' Efitaogieci states of dtscrete photonic variables 
(spin-half systems)^* its weB m entangled states of coittinuatJias 
vadabks {quadralure^phase aperators) of tbe eJectff0*m«gi>etk 
^eld*"^ have been ^twrsLt^ experimentally. Entaitgkd $t&t^ d[ 
^mteriftl partidejs are mttdi yitore dil^cult lo generate C5g>ef5mett' 
taJly^ however> such ststtes vitstl i^r storsgie processing 
quantum inlbtnidtton, Recetitly^ emangled states of four trapped 
ions h^ve hem prodticed**. and two «toms have bee« entantgicd via 
ifitcrsctioti vyith a microitysfve photon fieM**. 

tiere we describe ati expefitnejctJ on the gstiexutioxi of ent^ui^e- 
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rTi««t bet^^wn twa ^^epar^ste samples of *i tom$ containing I o' ^ atoms | 
m<h> along the ^ines of a recen! proposal'^. Not only <Jo vye f 
demonstrate a i^uai^ttim entiingk^meni m. th^ levd of msicroscopic ! 
ob)ec?$s> tmr ticpminwnt ptm^s (etmbh a new j$pproach to the ! 
q^i^jTitiim tatet^ce between hgj>t a«d atcjms .suggested m rets 7. I 
\ 7. it is a step to-w^rtis the otJj^r protocol propos^id^ mch as the [ 
tdepor tsttan of atomk states mi4 qxmitum meniory. The entatigie- 
meot is generated through & noii-local BeJI ft>eastir^ment on the two j 
^mples^^ $pimt per^nned by t]t»msmitting a pulse of hght dtroxigh | 
tbe sample. 

Use tdesi £PR etttat^gled stale of two s«b-sysier»« desEcrtbed by I 
cofsUtstio^s jnon^commtiti33jg vadables .^j.^ atid ^j^~such is^s the 
positions atid momenta of two partides> for eseampk — is the mte 
for which Jt^ A- P( — — ♦ Recetitly^^ thtt necessiwry an<j 

sitl^cieitt cotidition for the entanglement or inseparability fot 
mch ^us$m\ quantum v^taibtes has been m the form of an 
miK|uality involving oniy ih& vsimnces of variables: I 
^2}f) ^- iiH^i ^ < 2, in OUT e^qfjenment, the <|tj:»mum vsad- | 
jible^ that are aimlogoxi^j to the pajtitt^jn jm4 moms^ritum «?p«;rators 
are two projectioas of the coliecjive spin (tm^il angoiar momenttim) I 
of atomic saiTiple.^Tlje sj-saJog)' h evident fmm the comft>iitati0t> | 
rdatioji { /V>/y.l =^ s/jt* which czm b« rewritten m l^^P} ^ ;i 
where ^ ^ fJ\/% md P^ Ij^/h if the atomsc sample is ; 
spiji-polsmed alot^g tJie x axis with having a Isjr^e das&ical 
vaiue .spio~pobrj:eed atomic sampJes with ^s^: 

^ Jyz — /, the 5aboy<? eotangle.mei^t conditiots tfansktes into 

wlierc sv« introduee the notatiotts ^/^j^ ((^X^* f hnJf} ^t*^ | 
ft^C4* Z,:*^^^^' tnterprmtioR of condition <1) com^ | 
from the recogtiitioti of ti^e fact il^ai for both atomic sajnpkj^ } 
in coherespit spin states (CSS) tbe esjusshty 6Jl^ f l hok1$^ that 
is. the me<5tA3iity (i) becomes the ec|iJialky. Entangl^nent between | 
atoms of the two sample is» theii^fote, according to concbtion ( i)» 
equi^'aic^nt to spin viaxiaiitcc!^ th^st ssre smsdier than in j$£tr)»ple!s; ist a | 
CSS***^* cbat^cterixed by iwtcomlated individtiai aton^. The 1 
ei\tanj^ed state of this type is a tvs^-nKide 'sqoeea:«<r state for the | 
continuo«is spin variables'*^, A spin ^ueesced stale of a single | 
macroscopk atomic ensemble has been generated previousiy^*"^^, 

Bnmstglenieijt h prodiiced via biteraction of atoms with polar- 
ixed light. A pols^ti^ed pulse #f iight is described by Stokes operators 
oheyitig tbe same comtntit^tiott relatioti m spin operators^ 
(5,, I J ii^, m the di^erence between photoii stimt^ in ,ic 
mxd y linear poiatizatiott^ h the diOerence between polar ixatioos \ 
at ±45**, and is the dtftereerjce bet>vee« the left - and right-hai^d j 
circiikr fjolarit-ations along the propagation direction^ In our j 
expetitneot light is lincady polarixed along the .x^ ^ijtis. Hence the tsvo 
pat rs of contintiou* quantinn variables engaged in the entangieme.«t j 
protocol are and fot atoms md % and 5^ for lighr-> j 

Hete we repori on iht gesieration of a state of Iw^o separate | 
caesium gas samples {Bg. 1), which obey the entanglement condi- 
tion ( 5). As shown in refs 7 and 17* when off- resonant pulse is | 
transn^itted through two atomic sampies with opposite mean spins | 
L\ ^ /«? ^ ^^^d atomic variables evolve as 

vi^ere ot and 0 are mnstants. Tbe Srst line d^sscdbes the Paraday ; 
effect (pokriijation rotatiors of the probe). The second line shows 
ibe bsick actkm of light on atoms^ thst is* ^pin rotation d%t«? to the I 
angular «ioment«tt> of light According to equations (2% the 
tt^aaretnent td ^ rem^h the wlue of 5= /^j -^/^ (provided 
Of is large ef^ough* so that is rdatively small) without changing 
this value, it fe>liaws from e^uatik^m (2) that the total y spin 
projecison 6!>r both samptes is also conserved^ 1^ 4 /^ ^ 
/ji The procedure c»n be repeated with atiotber pnise of i 
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isghi nic?6siiring the i^iiJi:^ of / cofiiponei^ts, f iigain in a. t^ton- 
demoUik>a \v;jy, whih at the same time b^jvirtg the previousiy 
mt'^ss.'Jtited vai«e of 4^ /j:- inract. As a rest^lt, the mm of th«^ 
compoocnts iiiid th^ sum of fhe f coft^pcjnents ejf th«? $ptns of rhe 
two iS^ftip^lcs are known fcXiJciily in the td<?gi case, ztnd ther&fote the 
t^vo sjsmpkjt are ^ffitajigk'd ^cci:trdin^ to conduion (O* s*JKe th« 
litiC^rtaiftties Ofi the ^^^It-hand 5*d€ beioxm fi^sgiigtbk, 

Afi imports ntt modifkatiof J of the above proioo£>l i& the addilm» 
of s magni&tfc ^dd mimted ttUm^ th« direaion x> which allows m ti> 
xtse a single «fntafjgl«^|: pulse lo mtmuri^ both ^ ^nd y spm 
|>fo|ect«>ns> as described m th« Methods section. 

The schemdfic of ^ ^perim«ntjai set-^^jp k shown in Fig. I. The 
two cdk ar« coated from indde >d?h a patstUn cositing whidit 
enhances ihc grmjnd-st^ji* coh^fr^fsce time 7^ op to 5^30 ms 
dej^ending or? the clej>sk)- of atoms, UJ mud are tne;aSiured t>y 
fhe mstgneto-optk^ rmjrrafic^^ method j'ref 20 reiemKes 
thcfrein). 

After the sijanples are prepared m C$$> as desciibed in th«^ kgerid 
to Fig. J > opficaJ pianpmg is switched and a probe pulse is sent 
through. Its Stokes operr$f.or h mms^mtd by a pobrmng }>ej3m 
5jpii tter wjth mo balanced detectors. The ^itTert^ntiai phoiocur mit 
from the d<*J-ecte> ts is split in twty -^nd it.^ cosCO?) atjd sm(Qi) p<i wm 
speciral cot^portents (S^„CO»^ me^isvjred by 

lock-m aropliJ^ers. By repeating this sequejice man;/ time^ we ob^sio 
the variances for the*^e compoBeAt>5> iJi short, spectral vari<ince5. 
which according to et^tiauon (:V> in the M*?i:hi>ds Siection ar^ 

K fcr, ;md sjmilady for with substitution /. 

The coeihciem o? ^js^ <rfnM f A:^ ^ ;i.5kestim;^ted*'^ asmg«f X\/2 s- 
as the resooant dapoJe cross-sectiori, y 5 MH?. as the fiiB width of 
the optical trafisiticijn> F 4 as t«?taJ a?)g«}ijr mojfxtentum of the 
h^1?erf*t3te gtoimd sUtt^y A z:^ 2. cm^ as the probis he&m ccoss-sectiox*. 



iind n ™^ iO*^ as the number of photons in the t'i.45 ms probe pulse 
with pc?wer 5 jbW, 

The spectral variance d?atjt.. d s» (^5JS«,(i^))^4 <^SJ!S«tf^»^ — 
4- ^BJtn ^ ^^Jyix ^ ^'^^ 4^ ^i-^VfjA is phitted tu Ftg. 2, I'he linear 
St JO iu ^iJiX is the quantum hmit of r^oke cort^pooding to the 
cohererit $pin state of $i}mpb$ (se4? 2 iegcfKl for details), 

Ustng -i^O^) as a tefermce le^'d we c^sn tiow devise u meait^Jtementt 
proce^Sute, which %nU verifj^ the presence of ati ^nt^sngJed $tare. 
Namdy. if fot a certaiii state of the two ens«mhlss the sip*?^:|!fd 
vsktisstt^; of the signal 4kpr — ^i- ^c^/Lr obeys the st*e^ualli)f^ 

then sppam^tiy #|pR 2/^ hal^^^ 6>r such a ^si* and t!ifirefot« this 
state is eittangiesd iti sccordstnce with c^nclttion (l).lt i$» of coarse, 
s^ecessan' io ust otherwise iderstical coridiiions for fneastirenieots of 
-iS^^a ^J^d AiJ^}y that is, the same v^Jue q( 21^ 3/id rhe .?«im^ prol>e 
inteA&stj^ and detaining in order to keep th^ coastsrit k unchanged 
thmughtjut the eutine expennient. As nientiotjed above, the value of 
2Jt has beert cor^trolkd by a miagii^ro-optic^ji reson;ii^€:e measure- 
meat to better thm't 5%> in the actiial experinient described bdow 
ihe f?icaso rements of<dgfva and ^(J^) h^ve been coitdxicled m turn at 
tderitical cor?ditions at the reperitjon rat^ of 5(10 Hz 

The .mea.$urejtT3eBt $e<^tieTicje aimed &x the generatioa aqd veti^ca- 
tioii of the t^jitangknts^nt cojitsists of the of^tkal pumpirsg pul^5€s> 
which it^duces ri CSS, thtt eftt;jjaglirjg puke> which irt duces an 
frAtan^ed st-atff (puise I) m ihif s-^mplm, aod tl>e vf^nfying p«ii&e. 
which occurs ^afier a delaj^ tiiiie r arid verjfte^> the enianglenient 
(piilse }f). Ihcsc pulses havxt the ^ame. dxir^tton And opdca;! 
frequentcy as the probe ptike osed Sor the CSS measuremetjts. 
Between the two puJ5>s$ the joint spin s^tatc! of the t^«cj sampler is 
«tjbie^ to decoherersce, Thtt photiKatrresits from the two piske^ ate 
st3btf^<ted ekcstotiicaily and the variance of tise dilfefensce* jdsyj^v is 
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f^ulse^^ Ffiiare^c^ffie fit aMs tr^tetaci^ iJght ts inside taeite t^rtiacist 
c:»eot;!r}. The t»fo ^ds-iatc ssmp$^ tn gssss 3 x 3i:m at 3ppfti.<«jjateSy tooj^i 
tsmpgt^re are 0ac€d a ^'tgl^fy Siomogsmus taagne^ at iQ ^ 3^Std^) 

iojTn coti^$f!t ^ ofi^fmf If ^ 1 and 

titles pttmpm^ is ^t^d circy^ pdc^t2esd a4& ttts t»H$$@ and 

ES4 nm o^^is heSc^ tor ^ two Xm wm^ M^m ^t sacn san^ is 

fe tr»e {»^h% ^ an at!»n grt tr^ m ^tete. liwtft Ifte Mt<n§ vsiue cmrespomsr^ 



«qu3} t9 er tselSer ttiaf) ^t JJis eiptfe^ piitt^jng Ss complex 0.45 frts m% 
eatmigfeT$S mtd vejlf^Jng pi^^s sgpssmtie^J Jsv a 0,5'rrjs tte^' are s»nt tJ^fjatigtiH ^sm 
pA^m^ ate &jue^ti!%£»»ed ^ ^ ?OS^z tmra the clos^ h^ttlrae cott^xKient of 
^ tifi^^$52m Thi&th@fm$B atomic tmim i$ m mt^&^t^m a^tnmi 
^t is i^S^m ^ pf{;(ib& tastsnt isov^ rncisl 1^ volttrte t>f ttte 
atomic $a^^. but ^ (^tcm pu^s ^ Icfigef ^ tiie transteni ^ an 
e^ Thefatcare eec^ Sg^t pt^se ^::tiv^ ini^^ smt 

«m^ig^ ^ aioftie the tn aM^. a l^ge ts&tu^ <i th$ prcjiss msite 

0<pt^ tKoacEsD^ instgt^iric^tt. 
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measumi m discussed m th^ Methods section. The wmshing 
corre$pon<is Jo two rep««tl«d mea$«remetns<>Jti the sj>m state of 
tite tvm sjsmpk^ prcwltidwg the same fesuks* Hmt ssj it correspotid^. 
t»s 55 perfect kiiowl^edge of both and /^j^ aond therefore *o ss 

A^^^^^5^ is 2i55^ c^wmg to th^* quaaiurn imim af the eniafigling a«d 

Tlie resu-U^J oi Ko^sur^merjts with T ^ 0.5 fi;>s ate ^hown in Fig. 5. 
The re$ult$ are normalised to the CSS Umtt Jt'iC/^) {the Miieat fsj in 
Fig. 2). This lixnjt thm corresponds to the tiaity h^^l in Fig. 3. "I he 
f3w expmmentsl d^ta^fc^Ng/^l?^) ib^r the entangled stjati^ ^Feshi>wn 
m sisr^. The vakies below the unity leve^ v^Hfy Ehat the erjiaJigkd 
state of the tw<3 5itomic samples has besn ge«erated and iiiaixjtained 
fot 0,5 ms> The derimiiori of the decree of eiJiaogfem^Lnt ftom the 
d«tm in Fig. 3 is given m ll^e Methods section, llie di?gfe« of 
efitj3Ltigknient c&ktiiated operationsdly fmm the data without jsddi- 
tional 3S««mptsom f sas (35 ± 7)%. Fhe degree af entangkmem 
usel\il for teiepi>rtati(»j> that vfas cjjlcwkted usmg m ^ldditioF?»i> 
escpenmerttalijf prsswd asx^amptioii: of the imtl^jiJy CSS for both 
samples is higfc^n {$2 -i: 7)%, The predkied tekportatJiMi 
Bdelity p^rfotm&d willt the ;sdme two pviises as ^^d m the presu^nt 
paper Metliod* section) h^' = which is above the cbssical 
limit of S0%. llie ^i:tor$ Etmti^g the lidetity are of a tes^nlcsJ 
nature, md we escpect higher ^elity to be w«ii within reach. 
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CoJtectiv^j spin of the atomle sampte, (x 10^^ 
Bgttfe 2 OeierRtinaSofi tJ« cot^efsnt s|)te ^ate Kmff fior eB&ngtetnefit, tots* 

msas^ce 55*, 3s gt tfi& v3©utf m (shc^ ftOf^e Is^, (jees* verfSed 

aiMspfeseRt mmm^wsmm ^mm i^mm^yM^ 4at )m dailies, v^^icfv pfo^fs 

(tegfee of the spin fsJafJ^ate Jof Jfje daia \n ^ m scjwams} fi^sr^ 

pe* to, 95%, wfiicJ^ ft^iis Ifiat ^ w sSate is dose eofh«f isj^rj slate 
We ^fgtijf e cofK^titffe mx a "^mm to obsefv^ <^ owf espoa^ tJte 
boH^ atomec sam^!tes fer ^ mid hejK^ St^s fine, wtacfi ¥»e «iefs?^^ by 

(4i, De«i^i3 fi^ otovfid var tajice fjmp tr»^ Srtea? fit at sjtimie mHiiS>ers are das 



The impcrlbct entanglement comes from several foetjors. First, ihe 
vaciium «oi$e of the enrangiitig pttbe ptohtbtts ^ perfect prepana- 
tioti of the spin staie* espectally fbt a ^m^B mimber of atoms, 
^cond, the deviation <$f she \m\M spm stiate from CSS» wJiich is due 
JO the cb55;kal noise of the la$ers> becomes more proriourtced m the 
nu mber of a toms gxows, Finaily; of light on th e way IVom o«e 
cjell to another, as well as the sspiri -state decay between the two 
measuretJitents preciude perfect entaiigkment at d3 ^jtomic densi- 
ties. The spin -state decay i:S caused by c«j3iisioxi^ and tihe quadralic 

MeastiJtementts with delay xknt$ loa$er thssi O.S jns demanstt^te 
no entanglement. ll>e decohearence process can be illustrated by 
vi&ualmng tvs^o eEipses; m the phase spit^re^ cormspondtng to the two 
samples* with the sixe stejig ikvt long ^e& of the <>rder of tbjree. in 
Ufiits nf the coherent sl^te (exfjeriment^iliy measttred vaiue), Wheit 
the dlipseii start dephase (jroiate) the total noi&e along the short 
axi^ hixomm equal to the coherent state notse {stero degree of 
entanglement) after the time of the order of L2 ms if the inittal 
ei?m«glemem of 65% (m«t}dti)aldegree allo^ved by titeexperjmctjtai 
%ht iiioise) IS mumed^ After a 0,6- delay a degree of entaiigie - 
ixtmt of 5S% should be e3^ected> given the experutieiitsaliy mca- 
stsred deph«k$i$ig time of 5 im. These numbers agree restsott^iblv weB 
w«h ofejservatians. 

it IS mstryctive to analyse the djfiferetiee between the degree of 
entaiigJement and the degree of eiamcal correlatioTts. Fosr uticorre- 
btesd atomic ssimples the normalisied variance of the dJfTerefKe 
betweeti the two photocurrent? viw>vdd be e«|«al to two^ u^tng the 
notation of Fig, X lt$e pure atomic parJ of this varitmce K«^^<>fr 
wtsuid b« jjppToxiniately L5 for medivim ,itomjc dei'ss^J-ies. For the 
jsctual d^ta m Fig. 3 the atomic part of tl>e vari^ce ^proximately 
^*c<»y sss 0 25. The degree of correlation, I - V^^iJ V^^^y is $3% for 
thb €?3e*tiiipk. Thts tjumher is miich higher tha^ the d^^ree of 
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CofJecJtive spin of ^ jatcjmtc samp^©, Jx ^^ ^^^^ 

wMm pJotssd a$ s MtK^ ^ Jr SRSJ i6?e ftorm^i2€s:J m tfte CSS ^mi A(J^y 
kms^ in B^. 2} Jtm gmsi— ing tJCi^ldajY ijetvwsen etitaogled p0m te) STEiJ 
Sflpara£^^ s^^; — th«s e&ftes?K>*yds to ^ ytiJ^ feveJ Ir m %uf@ (^jJtd Sf^e}. TJt& taw 
e^vtjefttaj ^ta ^^^^^/iaf^/,)— dais ejiiafiQjjjrt vvJ«Gt> fm fet 

r Oij rns— afe s^ksw^j as stars. Tl^ b^m His tii^Jy tgvei v^tiff U^t tJi^ 
BfilSJ^^ed sSBte ef ifje tv*o aSssftiJc saj?^$ tm been gsfisrated a«d frd^ja^ (of 

is &iim m Z&^/MJJ mi that fe. m is set oy me tDisf etiaj^turw mm oi 
ti^g t««j piMss. I'M tmml^m^ sJiat ra(sse ISew^ of ven^g pt^, ^fMJ/t) 
wttich is used ca$Due3iM»is a^ degree eiitdi^entm is 
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I erijsnglemeftti implying {hat snrnHgiernernt t^iqulres :%omething 
\ HJTonger than dass^ical correiation-j. The reason for i\m dilferejia^ 
I is that In qimntum mm:hiimc& the measudfsg device iM%hi in this 
I case} htxorncs ei^tfj ngkd with th^ mtimumd object and ther^i\>re the 
: rsois^ ni these mo .sub&y^iems c^tmot he f irsdepend^^ndy. 
Thus, \v'c hav*e iiemosistrated fsn-demand generation of ent^ingl^j- 

ment of two jj^patjjte macroscopic objects^ which C4J-ti n>ai»taia^d 
i fbr mom ihm^ 0.5 Th<? stat« we hstve demon.f?rfii<xi h «o£ u 
I jiiiiximaify cmaijgkd 'Schrddinger*$ <at' state, which &sr iO^^ atoms 
; woul^ mti survive for a feyntosca>ftd *indet the c&adidons of 

o«r cxpenmenl. 0*;jf state m similat to s two* mode sfqa«eK«d state, 
i sttRi h an ex3tm|ffe of a »o«-m5i^t«a!!y ejitangkd state which m 
\ ^nmbie for s pajrdcuJaf purpose* for «x«mpies ato^nic tekpottation, 
I The kng ll^ttmc tsf thb multi^parfidc ^n^ngkment is due to m 

high symmetty of the generatfe^l state. Brttsi}rtg}ei»e:m mamfe^ts itsdf 

only in the coOmiw pmperties tjf'the iwo ensemb!e$> Thei:«6&te a 
I l<m of colieret^ce for a smgie attjsft makes a negligible effisct oji 

the efttanglement* imSike in a maximaSy wta«gled mu!ti-j>articie 
j state. Th^ entanglesient is fetterated by J5n«am of light propa- 
1 gatmg thmugh the two samples atitd Ehifi:t*fore the satJipies cats be 
j distaat> as is res^iiifed fer mrnrfnumcatsoHS* The oif-re$ci*6?a»t 
\ cMmct^r of the inieraeiiaj-i used fm the cjrcatkm of entat^glc- 
j ni^m allows for the p<s!:entt£jl s?Ktef>sio« of this tstethod t& other 

rae'ii?*. possibly ifichiding so^i4-sti8te satt^ple?? with tesg-Iwd 
I spin states, O 

I thjiwgo ihcir iiiuiTuaS or{««**u<jit« ami sixt simiS tt^ef^ef^ot^^ iwst aiJfea ttwi: «ti*ij«gkfyy«m, 

; 4:{.{:[f^^(iS!i!!:t!«:»t$r n»m a ^uicjpe pr<it><j puisfi ^ fiJ«?fGrii«;4 M«r<«ivc^^ iJ* iafoesfaforf 

: i fmme the sjwn staic « jntiw «m:<cnW *t the hni^i^ A, a* wwijsj &« n8.«a4«t%m«:nt 
i is iiedttfii to iHt tevrJi thai> it si.^, witas-w t^rftcai. M^Siwtrettt^fAfs 

: ; fhi'- mimtfiAi kvfii »f Ih*^ v3j;«uw (a^v:>t) t^oia*. J ti ih« j>m^t<e t b<f crtsg.t*ft Jr. fiekt the spm 
i i>j?hayi<34st' IS dci«:nbe£f S>y lit* 6>}k5»'*ft^ CiCHiAtk^iM: /^O^ — i2/>(i>. WAf} i- 

I wHwwKf tht St^*k« opefftte^ri siai evftly« ;iC^SM4tjj4gio«q«aiSs>ft (2). Sc^vijti^ th<! spin 

"Hie iV^ 0frTW]?<>»^«sM-S sMTft ixjwde&sed m i!i%e nnsiting: wish th« fir«siji>e*w:y X2 »m»nd 
ptojirciiojtSv S^$ir»u;3t>;inmvfs ffj«;3iucvm«>J !>i[ b<irh spin oxtip^ci^t^^ms, of ^he r<s'o ?n<5fftj<; 

Jht <iil?«j<;rt?i3t «<3l!S<; ^blr th« ^tdJ>g.ttJitg J> afld verifying, i^vhi^ U} pwfjwss <aa hn 

1* > ■ 

■ll»<r v;sfia;irK£ th*? ywcersamt*' of spin cojnpojwnfs of the srtaw; 

I g'T*par«sJ. by « he cmxt^^iA^ puis^ »nd jswainred after linwr it ooii^{:8U{!t!£ iwo icort irjhiatsfjrt*; 

! i{rxp«T»»t«t b 2t{?:ci j>t>t no s*^«*s ;ir*<5 therefii^T* its v»f bjict, &Sf] > afeo cwtiibuies tti i^^ys . tss 
1 the «afp«*iiiwfftt « M^^. The mUtfsgkjttC}>t c^swJrtioa. ^£«t < ^y*>= » 

Aa ^tl to-wsnii cak«kt*M>w »f ^egr crjtdngikfnient cm bt^ «trri«d t:*tit^ wh^xh Ukf» 
I i«t^^ actij^Tjt th^t stiiiiat states of bmh samjrfes ia «;hsiK«Tt<i?i3cd Sj^' ihe^ CSS rMs^ fevtL 

I j;<$jt[6ibk t$«^)rfi« of cist*s»3i0««tem <<S«ftned again as | ^ % (£/|^»/^v>} ci*at<^ fe^ the 
I J&jn«r psJssr ia o«f jm>Jot«i;» tiwf vaSisc ^^^ewy * wheJ« tb^ 4«$iTfi« of the '^i:w>* 



iimiiii^ 4jJ&iJfw<.« bet w«*n jhe ivm pul^rs^^]^ 2&S% ^'V^ wote ih^i>? (his vsJue is cio^s 

cnisirjjakfjSKfti ire U$iOvef> m b<: trt f^;;LS5. Thi* f *ct ha* e it|>«iriin^*fit4ih' v«??l:6«d the \ 

ptsssmi pupi^f fw *!3? jntertwiKiiafcc atotrvk i^irnskks, nwy »?» ihU way of | 

Cakulaititg fhft <j«;gr«« «tf «ntjm|gEot>«:i!el a* ??i*se ^%£ift«» a* welt HAwev«:)r> wr are j 

tntn'eae^ «> ihv degree of ift5it,a3igkjTo««tf k^^ I'kxh swrvf wjd th« dsiay t iff!* and «(«?Jt!«:h hi»5 | 

t*>tf7> measyftrf ?h€: v^^ifving puSs^;, vaJisj^is r<*350rt5^ sn<hi<J3n;g; ih^ cicmkier^R^re \ 

fkiVffi^^ ifwr <Jefey iwMiv <i^j5«-«nti«f <t-v» pwise^ <foc^ n&t | 

3$ «irktie$seiii hy the nv£s»»nim«»u u k»wej: ths^^ the asuKumutu {i&i&Sbifi: ^' | 

<»bt«^i9^ IrosT: ifte daw i» J^ig, 3f m worse ?ha« iH*; *he»j«tj<iaJ best vaJue^ ^t*y«rs» trwtrtg tn j 

Of* owe of the cntajagitd ssffj^jyJfta aikJ « s.sis^ip\^^^ u>-'ix!-;d.<5jK>rt<:ds Uis^Jig v^iue: 
wf j ss% fotf A »8 :S,5 x iO",- This » fei:s|K>ftit iiixa thx idittsAisai h&mv^&ry 

i[f4eaS) ftRtsn^Ui!^ mea^^nrfttnmr c£v»t:e» tiw state Jf^ 4- /^j: «t ^ jfS' wiJij x,p 
.o^fi-i^n) citC^j^Kired vSEjfcKe? . f {otvet^j, this *(s?<r is ^ ^itkii^f jferf J<:J*|?oriftt iOft, jfe? «»upn^> 

.2. BnAll. j. 5. SfitM^nhic o?erf {/K;^'(^<ii^ in CPwrnffiiKt Mifd^nia iC&nSni^ UkW. {^tcj^s^ <^9^t;^ j 

isss). 
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